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ABSTBACT ^ 

. " ^ Hinicomputer networking can «he an alternative ^J!^ 
solution to^tTie problem of implementing various comcuter syst.ems in 
universities. In its simplest case, networking takes th^^ form of 
Bultiple smhll copputers .communicating over telephone l^nes to a 
larger host minicomputer wliich in turn communicatee wi^h the centi:al 
Bainframe. Osing computers in thi& Banner allows the sBall user to 
share the centtaliz^d peripherals .on host minicomputers and to access; 
the computational power of the central mainframe. (CH) 
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In a university environment . rarely a nonth passes in which no new 
ini.i>icopputer- is proposed for • sb^rle ^ . application. There ^is an 
evblvirig substitute or supplement fdf this divers^ base of snail- 
to-medium sized qomputers r networking. In its simplest case, 
he4:working takes tfie form of ' muJ^tiple snail computers 
communicating" over 'telephone lines to 4. larger , host ninicomputer^ 
which 'is in tuyn coimnunidating with] the central m^inframe^ (see 
Figure 1). Using computers in | this manner ^allows the srall 
computer user to share the centraliked peripherals on the larger 
i^or ^ host minicomputers and to ac^aeFtS the tremendous computational 
power of the central mainfraiffe. - . ^ \ , ^ • 

■ .* , ■ 

One basis for understanding network|ing is an examination of the 
history of ly thoV^ industry and thai events that -are forcing re- 
appraisal of policies conce.rninq miiiicomputors . 



The raini computer industry has showhl phcnominal growth ^ from its 
starting |prc>int *in the early 19P,ns» The first machine was not* 
researched, built, and mar|feted bub resiflted as 'a ' quotation in 
response to a customer's reqiiest far a sp^ci^l machine to perform 
a prbcess control" function. Tnfe machine a /as built from then 
available logic modules and purchasdd nanories.^ This nachine was 
programmed in full binary yia its fjpont: panel switches. . This msls 
h very humble beginning for an industry that^ w$s to make such 
tremendous contributions to computing^ in the next fifteen years. 
Even though this machine ^by today's standards wa^ extremely slow 
and ' cumbersome and lacked software, its fabricators (not 
designers) realized tha-t embodied in it was tremer\dous future 
potential. When they revised the desicjn, wrote an assembler for 
it, and started to market*' it they soon found out that their 
growtli predictions were correct. Shortly thereafter, orders v/ere 
comiif^ 'in so fast that economies . of scale allowed prices to start 
to fall. Further development of ney/ hardware and software made 
the machinery applicable to an ever increasing mark^^t. 



This viscous circle ^effe'ct is . still j^reen v^in the current 
minicomputer industi»y. « However today the trend is toward 'much 
larger systems because (1) the ; individual parts of the system are 
les& expensive and (2) tKe post of prograrnmeirs has risen in real 
terms and as '^a .percentage of the hardware cost which makes it 



much less exfiensitre to buy another )jardwajrQ device if it vrill 
save programming tirje.. . ^''rr- * ^ * \' ■ 

tven though t|ie minicomputer in<^ustr;5^* i5=5- currently operating v;ith 
an extremelyl elastic demand" jju rye, .th^ oVe call economies to the 
university ,or^ co'Hege have been reversed, Tortay.^ the university 
can employ -networking as a.vei^y cost effective -cpmputinq tool 
Current pricing reveals . the /advantages concentratying 
peiripheral requireirjent^s into one JLarger' unit - one leicfhty-eiaht 
million byte disc unit costs •around ^Un^OOO and the i equivalent" 
capacity in the small 2,5 million byte disc units costs ""^^UBe^ 000 • 
This leads to the contention that some consolidation and sharing 
should take place, ^ . 

» , ^ " ; \ . \ 

'Several venclors support a medium sized hast system v/high is 
^capable of handling all communications ''v/ith the small sa.teLlite 
sylsfcems, '--Tlie host v/ill also handle- mc^t p^r;Lphe^.al requests from^ 
th-e satellites, ^ ^In ""the satellite processiors prograrnr T/o 
^;j^u&sts ate V cod^d as calls to the satellite ^s bperatingt svstem 
„w hiclv intercepts them and* nends^ -, t?i6j ^ request * alontr v/ith the 
*associatec3 ^ data- . to^ the host prc5bess6rr For i^n^tance, if the 
satellite Uaas acquii^ed a buffer full of data from afi experiment, 
it merely sends it "to the host pr^Qcessqr whTch stcfres it* on its 

Further processing is accomplished by the satellite ' s invoking a 
program - in the -host processor to analyze his d&ta if tliis is 
appropriate. Ifov/evc^r^ if the , user chooses, lie may execute" a 
program on the host processor* which will format Jiis data *as^a 
batch job to the central' ma-inframfe, add any a'Ppropria£e job 
control "language, and- submit it for further nrocess,ina hy means 
of an enulatoi;;, Tliis flexp-bility allows the user to choose 

the appropriate comfouting powfer to match the. amount, of analysis, 
that he. plans to do, / ^ • • ' - ^ . 

.Satellite processors do hot need to have peripjierals such a^ 
discr^mag tape, and line • printers (bi]t nay have). They use the 
facilities of the host minicomputer^oftfr thir, type of operation. 

NTlie limit^atipn ' of . no disc on these srall' satellites does not 
rimit their software generating capabilities. J^y satellite .can 
caTl for system software from the host minicomputer to I^e seh^ 
down for execution an the- satelllite. prodessor,. Thus a Aiser. can 
call, in an/ editor -package from the liost and build a program "in 
any supported high-level language . stb«inq[. the source file on the 
host,*s disc' flubsequent compilatidh' t^kes place on the host v/i th 
the object or binary file sent back or downline loaded into the 
sat:ellite where it is executed.^ Truely, it is the lack of 
peripherals that gives 'networking, cost advantages- as I'ell as its 
superior flexibility. Using netv/orking the user can aain greater 
computer power th^n he probably coul^^have afforded Iv^ 'limself.- 



% ' f ■ ^ * ' . ' ^. • 

Many of tlio advantages of networking are (Quantifiable, They 
basically fall into four categories: (1) cont^ . (2) convenience^ 
(3) performance,; and' tU) flexibility. r 

Altjiough the initial^ stSrt up costs .r\f -a network are sonev^hat 
hicfhor tlian gLhst^lling a single nodiur-si^ed minicppputer "it noon 
becomes codt jusitified. AftJer the initial nyr,t'ein ir> installed 
it becomes v.ery inexpensive »^^to install a "saiiellite in a research 
lab, admissions office, or any pthor- facility, ^v^f course the 
satellitie price will vary depending' upon t^he he^ijidware it requires 
to acquire ^^vits data* andV) Vvjliether or not i't recfuiros an 
intermediate storage device such as magnetic cassettes or floppy 

. discs, but it usually is, very inexpensive;! usually ))etv/een 
sixteehl and -twenty five tliousand dollars , r>atel|ites gain full' „ 
larg^ . ^ystQm'^ capabilities for the.ir purchase price which .is 

, approximately one third the price . of | their equivalent large 
system,* V7llen the cost of • the^,. iiosl^ procesj=ior is' snlit ar^ong 

rseveral satellites it becomes a very fef^sible expenditure, * 

Further cost advantages accrue due to the ' ninini^ation of ^ lost, 
time in the user's suppo^tirig^an operating s^'stei^, Proarammina^ . 
goes much] faster as the user re^es Dn the tiost system ^'ith; -*it^ 
advanced capabilities for programming aids. He r^ay also nloct 
just to write a 'program to collect and. format his data and pass 
it to an existintj program on the mainframe for analysis,^ Wder 
\ netvzorkinrr the user v;Lth an inexpensive sfrtellite minicomputer is 
^free to direct his total efforts towagrd gettina 'his application ' 
running and *not spend sutstantial timie and effort '^supporting the 
^s^s tern' software/ ' « « . . 

I^liriicomputer networking is very convenient for the user, ' A,t • 
sta,rt up time^ for .his application "he need not oo through 
extensive research bn all available ^sys^tems but rt'erely order a 
fairly small ' minicomputer system* v;ith the associated 
communication equipment, I'his item is inexpensive enough to be 
stocked at.,^the university in a small quantityV Lfend.time on' 
acquisition' -tould be minimized on the }?.a'sic /Vrocessor <?nd 
1^ terminal so program development could ntart almost immediately, 
bach application .wbuld 'require some spec*ial hardware to oor^orm 
its job, *"^i.'liis hardware U/O, " D/A^ DK^ UJLTIPLEXOP /^MD ^ 
TERMINALS) " could easily be installed* in 'the field, after the 
satellite is Punning, \ Lven if,'- ir.m.ediate delivery of^ t^ie 
satellite is' impossible, application programmi^ng ;'could begin 
using, a termina^ connected to the host minicomputer systqm^ ' ' 

AnottT^r convenience to the user is his not! havincr fco involve 
himself v;ith system software or operator funotions. Only the 
central 4idst staff need irjstall patches to tUei operatinn system, 
dump discs td magndtic tape, or cf^ntrol their humidity and 
temperature I This,, of course , frees the user Af these, tasks and 
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all-5v;s hin to devote ^jfu 11 concentration to '^is application. 




A centralized avippart /staff cc^uia hclp^ tho individual ^'ith 
tochn'ical aiu/iri t!ie application pr6qrar»ininq ^"^nd not luwe to wnit 
for or- rely on vendor support:. Again, -^this )>ocomGs vory 
conveni'Qnt for jt^e user, > ^ 

The satellite can also call in a packaqe from th\ host syston* 
v;hicK will simply allow the user to build a file and inend it to 
the mainframe for execution thus allowihq him to use ^^f.^ system 
,as a, ^-conversational ^remote job entry tcrr.inal. BeWideB l^oina 
, eas5^ and 'convenient tor the user, this can reduce thp number of 
ports reqiiirea on the mainframe, 

In certain eases networkintr can offer the user sinnificant 
[5er*)rmant,e '^dvantaqies • Data acquisition , applications can 
usually ^^acquire data fas-ter due to the f art ^ hat the *=;atellito 
processoir*s operating system is a core-only version ^ inflicting 
less overhead into ]iis operations,, Certain minicorputers ran 
incur- fifty "percent; operating , system ov^.rhead v/lren roperating in 
a disc environmeVit. It is important' to remember, liov/ever, that 
v;ith6ut peripherals the communication line to the ' bos.t 
substitwt;es for tlie A/0 lines to *the peripherals and this 
presets sone speed, ^'limitations. These lini^tations ran he 
rencJ^d f*by adding' a snail mass storage ' device to tlie satelli.te 
for* 'intermediate spooling of data, For ^ this purpose a du^l 
"floppy" ' disc drive can be ^rchased^for arqund four thousc->4id 
dollars. -After this limitation' is resolved the performance of 
^the 'system. much better "than multiple stand alone orocessors. 
This is attributable to: - (1)"'more CPU power directed toward data 
acquisition^ (2) a larger * processor performing the'^data 
communication functions and, (3) the mainframe v/ith " superior 
processing power and a vast amount of existing softv;nre is 
employed to perform the exteni^ive data m.anipulation/ Restated, 
networkinq uses .the core-only ^minicomputer , the larger host 
minicomputer, and the mairifram6 for the purpose, which 'they v^ere 
intended, ^ . * 

Another main advantage to tlve user is flexibility which can take 
several different forms, , ^Application pronrams *cah be v^ritten 
that will collect the^ data and use either of the larger svstems 
for further analysis. This flexibility allows the usej to choose' 
the system v/ith the best hardware/sof tv;are combination to solve 
his particular problem. ' ^ " ' 

The centra^ staff could pro\^ide fJLexibility by programming the 
satellite processor for the user at a cost to him but the user 
would * circumvent having to either learn programming or hiring a 
'programmer. This, coupled v/ith"a much lower hardware cost, would 
free up his funds, and time, to purchase oth^^r-eauipment oi* perform 
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other f unctipns . 



The case for networkinjg very strong hut t^e problem areas must 
be addresse<f before deojid^ng to f ollovf. the networking approach to 
minicomputers, j 

On practically every uiiivfersity or college- campus there already 
exists a rather lar^e / ""and diverse base o:^ ninicomputerjs. The 
diver seness implies that /several different vendors' computers are 



already installed. P 
used with! another vend 
compatible but they can 
methods. iThe first 
by the European . atom 
device^ galled tlie CAM^HC 
the Unitied States 
universal c ompu t e r 



.ems 



arise when one vendor's natollite is 
s host. ' Operating systems are not 
e made to work together by two different 
hod is by uaing* a device originally used 
energy ^computer ^^scrs society. , The 
system^ has been approved and adftpted by 
Atomic Lnergy Commission. It i?7 l^asically a 
O bus ! and tJie • user supplies his own 



supplies 

This approach is a 



computers for - each /end of the circuit. 

workable solution but/ can 'become very expengi^'o as it forces the 
central staff into / developinci hardware and each computet'^ 
operating system sofrware^ust be modified. T'^ore information ray 
be acquired by orderAng" United States Atomic Energy Commission 
booklets number TJfC)-25875 and TID-26488 from the SupnrintendiBnt 
of Public iJocuments/ Washington r D.C. ^ • 

The other alternative is for the - satellites to ^communicate vTith 
the host processor by means of a standard Teletype port oh each 
-processor, a- voice grade communication line and two acoustic 
couplers. Since 4ach processor can have a multiplexor to control 
these ports, thfe operating, system does not need to hp altered. 
When the satellit/e wants to send* a messa^ge or data to the host, 

the message and/or data ajid outputs it in ASCII 
:t that is connected to ^hc host. Functioning ih 
:ellite processor vrould.look like ^n extiremely^ 
linal to the host Minicomputer. ''This approach is 
it is simple, and inexpensive. 



it merely format! 
code to the po^ 
this mode the Sc 
inetlligent te] 
probably best ai 



The second prob/lem with networking is that it seems' to " dictate 
that one * venaor ber select^ed and all subsequent minicomputers }:e 
purchased from/ that vendor. i:ven though this would be .fairly 
attractive from a quantity discount standpoint, this is nSt 'the 
case. A different vendor's minicomputer could be acquire/j and 
brought- into] the network just as the original non-standard 
^'minicomputers /w^e brought in. The' vendor of " the host system 
would, however, have a competitive advantage for future satellite 
minicomputers/. 3 . ^ 

The third mos.t important problem area is handling the campus 
politics.' This has different ramifications for different 
environments/ and must be dealt with accordingly. The point vljich 



-5- 



-155- 



be ma^e here is that these problems Dust be add^fessed and 
yed before networking can be effective. .Included these 
lems are: * . * • 

. who will purchase -and control the host? ^ 
where will tJie dnitial money come from? , . - * 

how are the users to be char,ged? 

does anyone feel th&t J:his approach intrudes upon his' right" 
to purchase and operate the machine of his^ choice? / 
onvincing the ^ user community 'that^ this, is ' the best approai/h 
ould be the most difficult part of implementing a nipicomputer 
network. ^ " ' ^ 

■ . 'V " • ■ ' V- \ ' : 

Th^ ever increasing population of minicomputers is forcing a re- 
appraisal pf implementation policies. The tendency today is for 
J^h^se policies to be determined 'by*' higher officials in the 
.university^ structure because of the over increasing .airiount of 
money thrived. It is time to step back from the individual user 
and take a campus wide locJk at minicomputina. <From this vantage 
pointy netv>^orking* makes a-lot of sense and sliou^-d b^- ; considered. 
Thi^ is not to infer that; all universities • should' implement a 
network-^but it is . an emerging substitute 'or supplement. 
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POSSIBLE MiNIG0MPUTSR NETWORK 




Fig^ire. 1 



possible' satellite interconnections 




